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Initially described as an RNA surveillance pathway, nonsense-mediated decay (NMD) is also recognized to
function in the regulation of host gene expression. In this issue ofCell Host &Microbe, three studies describe
NMD-mediated defense strategies of plants and mammalian cells in response to pathogen infection.Nonsense-mediated decay (NMD) is a eu-
karyotic RNA surveillance mechanism
that targets transcripts with aberrant
features for degradation (Kervestin and
Jacobson, 2012). The most common
NMD-eliciting features include premature
termination codons (PTCs), PTC-inde-
pendent long 30 untranslated regions
(UTRs), 30 UTR-positioned introns, and
upstream open reading frames. Recogni-
tion of these features and activation of
NMD requires translation of the target
mRNA and a set of commonNMD factors.
The NMD machinery consists of the
universally conserved UP FRAMESHIFT
(UPF) proteins UPF1, UPF2, and UPF3,
assisted by additional species-specific
components, such as the SUPPRESSOR
WITH MORPHOLOGICAL EFFECT ON
GENITALIA (SMG) proteins. NMD targets
can be generated by mutations, erro-
neous transcription, or aberrant RNA
processing; however, NMD is also an
important control mechanism of physio-
logical transcripts (Karam et al., 2013).
The gene regulatory functions of NMD
are reflected by widespread coupling of
alternative splicing and NMD, direct feed-
back control of NMD factor transcripts,
and a recent report linking modulation of
NMD activity and axon guidance (Colak
et al., 2013). Furthermore, Arabidopsis
thaliana mutants with impaired NMD ac-
tivity display an autoimmune phenotype,
resulting in the upregulation of genes
involved in pathogen responses, accumu-
lation of salicylic acid, and enhanced
resistance to the pathogen Pseudomonas
syringae (Jeong et al., 2011; Rayson et al.,
2012; Riehs-Kearnan et al., 2012).
Plant immunity comprises two major
strategies: PAMP-triggered immunity
(PTI), an early defense response elicited
by conserved pathogen-associated mo-
lecular patterns (PAMPs), and effector-
triggered immunity (ETI), mediating post-infection basal resistance in response
to specific effectors secreted by the
pathogen (Dodds and Rathjen, 2010). In
general, PTI confers resistance to nona-
dapted pathogens, while ETI triggers de-
fense responses to adapted pathogens.
Autoimmunity in NMD factor mutants
was shown to be based on ETI (Jeong
et al., 2011; Riehs-Kearnan et al., 2012);
however, the molecular mechanism of
defense activation and possible impli-
cations for host immunity remain open
questions.
In the current issue, Gloggnitzer et al.
(2014) further address these intriguing
questions and identify mRNAs of TNLs,
a class of nucleotide-binding and leucine-
rich repeat (NLR) receptors inducing ETI,
as direct NMD targets (Figure 1A). The
authors first extend previous work (Riehs-
Kearnan et al., 2012) to demonstrate
that the autoimmune phenotype seen in
smg7 mutant plants is dependent on the
activation of basal resistance. Besides
further substantiating that NMD impair-
ment triggers ETI, they also demonstrate
that PTI is unchanged in the smg7mutant.
Suppression of TNL-mediated resistance
does not affect the accumulation of
NMD targets in the smg7 mutant, but
acts downstream of NMD activity. Glogg-
nitzer et al. (2014) provide a direct
link between TNL-dependent immune re-
sponses and NMD activity by demon-
strating that many TNL transcripts are
stabilized and exhibit elevated steady-
state levels in the smg7 mutant. Direct
NMD targeting is further supported by
the detection of NMD-eliciting features in
many of the upregulated TNL transcripts
and their accumulation upon treatment
with cycloheximide, a drug inhibiting
translation that is indispensable for
NMD. Interestingly, the natural variant
of the TNL RPS6 from the A. thaliana
accession Landsberg erecta confersCell Host & Microbe 16, Seautoimmunity in NMD-impaired plants.
RPS6 levels are limited by NMD in wild-
type plants, whereas NMD impairment in
the smg7 mutant causes derepression
of RPS6, which is sufficient to trigger
an immune response at least in this
accession.
Pathogen infection results in reduced
NMD activity (Jeong et al., 2011; Glogg-
nitzer et al., 2014), which might contribute
to the host immune response via release
of NMD-dependent repression of TNL
transcripts. In line with this, the authors
report that pathogen infection, but also
PAMP perception alone, gives rise to an
increase in the stability and level of NMD
targets, including RPS6 and other TNLs.
The stabilization of TNL transcripts might
lower the threshold for activation of
ETI, suggesting that regulation of NMD
activity represents an important node in
the modulation of innate immunity. The
reduced basal resistance to P. syringae
caused by disrupting the feedback regu-
lation of SMG7, without affecting PTI,
further emphasizes the importance of
tight control of NMD activity in plant
immunity.
Besides the intricate function of NMD
in modulating plant immunity in response
to bacterial pathogens, an even wider
scope of this RNA surveillance pathway
in defense is revealed by two additional
studies in this issue. Using different
undirected screens to find host factors
involved in viral infection in plants and
human cells, respectively, Garcia et al.
(2014) and Balistreri et al. (2014) inde-
pendently discover a role for UPF1 in the
suppression of (+)strand RNA viruses
(Figure 1B). Their (+)strand RNA genome
is translated into viral proteins and used
for synthesis of a complementary nega-
tive strand, which serves as template in
the replication process to generate new
copies of the genomic (+)RNA as well as,ptember 10, 2014 ª2014 Elsevier Inc. 273
Figure 1. NMD Contributes to Defense Responses upon Bacterial and Viral Infection
(A) TNL receptor mRNAs are targeted by NMD under normal conditions (top). Bacterial infection leads to
NMD suppression, resulting in TNL accumulation and an immune response (bottom).
(B) PVX and SFV viral (+)RNAs are subject to degradation via NMD in plants and mammalian cells,
respectively (top). In the course of virus infection NMD becomes inhibited, facilitating viral replication
(bottom).
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that encode more viral proteins. In a for-
ward genetics approach, Garcia et al.
(2014) screen for plants with suppressed
or enhanced infection with a Green
Fluorescent Protein-expressing (+)RNA
virus, Potato virus X (PVX)-GFP. The
screen uses a genetic background allow-
ing increased virus accumulation due
to suppression of RNA silencing, a major
defense mechanism against RNA viruses
in plants (Pumplin and Voinnet, 2013).
The authors find mutations in UPF1
to enhance viral infection, both in
A. thaliana, which is not a natural host
for the virus, and under authentic
infection conditions in the natural host
Nicotiana benthamiana. They confirm
that the effect is based on impaired
NMD by showing elevated levels of
endogenous NMD targets in the respec-
tive A. thaliana upf1 mutant and pro-
ducing comparable results in upf3 and
smg7 mutants. Similarly, Balistreri et al.
(2014) find short interfering RNA-medi-
ated reduction of UPF1 in mammalian
cell culture to facilitate infection with
Semliki Forest Virus (SFV) and another
(+)RNA virus. Testing additional NMD
machinery components, Balistreri et al.
(2014) identify SMG5 and SMG7 also to
be involved in virus suppression.
Looking into features triggering NMD,
Garcia et al. (2014) find most of the PVX-
sgRNAs to carry long 30 UTRs, a hallmark274 Cell Host & Microbe 16, September 10, 2of NMD targets. The authors confirm the
long 30 UTR to be causal and sufficient
to target one of the sgRNAs for NMD
degradation. Opposed to these findings,
Balistreri et al. (2014) cannot rescue the
SFV-genomic RNA (gRNA) from NMD by
shortening the extremely long 30 UTR,
indicating that other features of this RNA
are responsible for its NMD targeting.
The PVX-gRNA also has a long 30 UTR,
yet its level is only found to be increased
upon NMD impairment under conditions
of decelerated viral replication. This might
indicate a major role of NMD in the early
phase of virus infection, a notion also
supported by findings of Balistreri et al.
(2014). NMD targeting predominantly in
the early phase of infection can be ex-
plained by the accessibility of the gRNAs,
which are recruited to compartments
of viral assembly and protected from
cytosolic factors during later steps, and
the translation dependence of NMD.
Accordingly, NMD could complement
the RNA silencing pathway, which first
becomes active in the presence of
double-stranded RNAs.
Because of the coevolution of patho-
gens and their hosts’ defense mecha-
nisms, it can be expected that viruses
developed a system to suppress NMD.
The accumulation of endogenous NMD
targets under viral infection shown in
Garcia et al. (2014) supports this assump-
tion. Additional evidence in favor of such014 ª2014 Elsevier Inc.a viral counterdefense comes from the
SFV study by Balistreri et al. (2014). The
SFV protein nsP3 could serve this pur-
pose, given that a mutant lacking this
protein’s C-terminal part is more suscep-
tible to UPF1-mediated degradation.
Recently, the C-terminal repeat domains
of nsP3 have been shown to prevent
the formation of stress granules contain-
ing SFV RNA (Panas et al., 2014), which
might result in protection from NMD.
Further viral strategies to circumvent
replication restriction by this surveillance
pathway are possibly the evolution of
cis- and trans-acting factors suppressing
NMD or—as in the case of the poly-
protein-producing potyviruses—the lack
of NMD-eliciting features (Garcia et al.,
2014).
The three studies previewed here
highlight intriguing functions of NMD in
defense responses in plants and animal
cells, expanding the multifaceted scope
of this RNA surveillance pathway. The
authors’ findings also raise numerous
exciting questions stimulating further
research. How does NMD integrate with
other defense mechanisms under natural
infection conditions? Is NMD indeed a
first line of defense? Besides its role
upon viral and bacterial infection, does
NMD also contribute to responses to
other stress factors, including abiotic
stress that was shown to regulate NMD
activity (Karam et al., 2013)? Future
studies also need to investigate the
mechanisms underlying NMD suppres-
sion upon pathogen infection. As dis-
cussed before, NMD activity might be
extenuated by specific regulators. Alter-
natively, infection might result in transla-
tion inhibition or other NMD unfavorable
cellular conditions. In case of viral infec-
tion, the NMD system might also just be
titrated by the highly abundant viral
RNAs. Irrespective of the mechanism(s)
in action, pathogen-induced NMD sup-
pression and the resulting TNL-mediated
activation of basal resistance observed
in A. thaliana might represent additional
examples of the arms race defining the
evolution of host-pathogen interactions.
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